Intensive care units and well-qualified medical staff are indispensable for the proper functioning of every hospital facility. Due to demographic changes and technological progress having extended the average life expectancy, the number of patients hospitalized in intensive care units increases every year [9,10]. Global shortages of nursing staff (including changes in their age structure) have triggered a debate on the working environment and workload the nursing staff are exposed to while performing their duties. This paper provides a critical review of selected methods for the measurement of the workload of intensive care nurses and points out their practical uses. The paper reviews Polish and foreign literature on workload and the measurement tools used to evaluate workload indicators.
INTRODUCTION
The work environment of nursing staff has changed significantly over the last few years. This has resulted from health care system reforms, hospital restructuring, costcutting and considerable shortages of nursing staff [1, 2] .
Due to rapid technological progress and high expectations of patients with respect to the quality of treatment and care, the work environment has become one of the most frequently mentioned stress factors in daily nursing practice [1, 3] .
Previous studies in intensive care units have ensured a preliminary evaluation of nursing staff workload. They have also served as a foundation for further research of workload-related issues [4] . In practice, workload measurement is extremely difficult to carry out. This is due to the fact that the work performed by nursing staff is not classed as productive work. Its focus is to influence the living organism. Hence, the effects of nurses' work are to be considered exclusively in qualitative terms [5] .
The issue of nursing staff workload is relatively little known. No unambiguous definition of workload can be found in the literature on the subject. And yet, it is a factor of considerable significance for the bio-psycho-social functioning of an employee [6] . An increase in workload not only leads to increased absence from work [7] , but it is also one of the key factors determining the decision to withdraw from the professional life or change the employment profile [8] .
Nofer Institute of Occupational Medicine, Łódź, Poland IJOMEH 2012;25(3) 210 organizational nature. The most frequently noted factors include: bad lighting, noise, a large quantity of specialist medical equipment, too little room, high mortality of patients, inability to see the effects of work, disruptions in the inter-team communication, pressure and the necessity of quick decision-taking [1] . Many of the above conditions are evidenced in domestic projects. Rogala-Pawelczyk added another factor to the group of factors affecting the level of decreased satisfaction with work, namely the insufficient staffing level among nurses [15] . The presented components of the intensive care unit environment have not been exhausted to the full yet. Global shortages of qualified medical personnel have triggered a debate on the issues of workload concerning the nursing staff group. This is still a topical matter, as, what strikes us while observing the work of nurses in intensive care units or other surgical units is the immense distance between the progress in diagnostic and therapeutic methods and the workload nurses are exposed to while performing their job responsibilities.
Why is Workload Measurement so Important?
Workload is one of the most frequently quoted factors affecting the dissatisfaction of the nursing staff with their work [16] . A study conducted in 2007 among a group of operating theater nurses showed that more than 50% of the participants evaluated their work as quite hard. 12% of the respondents thought that the work they performed was hard [17] . The bulk of work duties, not always associated with direct patient care, influences the level of the provided medical services. Previous scientific reports point to a significant interrelationship between a decrease in the nursing staff workload and health benefits obtained during the patient's treatment. The observations conducted in surgical units, including intensive care units, distinctly point to a corelation between the workload of nursing staff and the severity of the patient's condition [4] . Although views on this matter are divided, some researchers claim that there are connections between the number of nurses and a decrease This paper provides a critical review of selected methods for the measurement of workload of intensive care nurses and points out their practical uses. The paper reviews Polish and foreign literature concerning workload and the measurement tools used to evaluate workload indicators.
Intensive Care Unit Work Environment
Intensive care units, as well as well-qualified medical staff, are indispensable for the proper functioning of every hospital facility. According to statistical data, more and more patients are hospitalized in intensive care units every year. This is associated not only with demographic changes and the ageing of the population, but also with technological progress making it possible to prolong the average life expectancy [9, 10] . Most of the patients hospitalized in an intensive care unit are in a life-threatening condition [11] . These patients often require prolonged artificial ventilation by means of a respirator and infusions of vasoactive medications, antibiotics or diuretics. The physician's role in the therapeutic process is indisputable; however, we should remember that most activities by a patient's bed are performed by nursing staff [12] . The increased demand for nursing care can intensify the feeling of being under strain and tired of work. Regrettably, the increased demand for intensive care services is disproportionate to the actual number of beds available in intensive care units. In most European countries, they constitute approx. 8-10% of the overall number of hospital beds [13]. In Poland, their level is governed by the Regulations of the Minister of Health and Social Policy of 27 February 1998. According to these guidelines, the number of beds in an intensive care unit should not exceed 2-5% of the overall number of beds in a hospital [14] . Irrespective of the type of medical facility, the common feature of every intensive care unit is the work environment. According to many researchers, it is the key source of stress factors of physical, psychological and IJOMEH 2012;25(3) 211 entirety of work" performed by nurses for their patients' benefit. Other definitions describe workload in terms of its intensity or the amount of effort related to it. Both terms are used interchangeably by both the leading nursing organizations and practitioners [5] . For the first time, the measurement of nursing workload began in 1970s because of the need for determining the severity of illnesses and cost -effectiveness in the intensive care units. In the following decades, the need for more specific tools for assessing nursing workload resulted in the development of new scoring systems [21] . The methods used in workload studies are usually based on the measurement of the intensity of work or the number of activities performed by the nursing staff for a patient within a specific time bracket. However, these are extremely limited tools, showing merely a fragment of the scale of the problem in the scope of workload. This is the reason why more and more researchers fall back on experimental methods allowing them to estimate the physical and psychological workload (tiredness) [5, 22, 23] . Tiredness is a typical physiological reaction to work. One of the most frequently used methods to analyze the phenomenon of tiredness is a subjective evaluation of its intensity [24] . O'Breien-Pallas, in his discussion of nursing workload, suggested that every research method was appropriate if it took into consideration such characteristics as: the patient's condition, the number of nursing interventions, the level of demand for nursing care and environmental factors [25] . A lot more studies on workload originate from Finland. Fargerström, quoted by Morris, thinks that a correct measurement of nursing workload is only possible if the numbers of human resources available are taken into consideration [5] . Different most popular methods of nursing workload measurement are presented below. The methods are used to identify the volume of effort, workload and the level of tiredness in nurses.
in the incidence of: catheter-related infections, pneumonias, bedsores and post-operative complications [18] . An age structure analysis leads to better understanding of the issue of workload among the nursing staff. The average age of nurses in Poland is 44-45. Most nurses, namely 48 601, are in the age range of 41-45 years (Table 1) . While examining the age structure, particular attention needs to be paid to the difference between the number of nurses aged 36-40 and the age ranges of 31-35 and 26-30. In each consecutive age range there are approximately 20 thousand fewer nurses than in the preceding one [19] . Preliminary estimates indicate that in 2012-2015 some 26 743 nurses will disappear from the health care system. This is a significant number in comparison with the number of the newly employed nurses (some 1487 people/year on average) [20] . Considering the age structure of nurses in Poland and abroad, every strategy aimed at improving the working conditions, including reducing the workload, seems to be justified.
Methods of Workload Measurement
There are numerous definitions of nursing workload. Each of them focuses on different characteristics of workload. Some scientists believe that the term should refer to "the for nursing care and, indirectly, the degree of nursing workload, for instance the Katz Index of Independence in Activities of Daily Living (ADL) or the Barthel Index Scale [5].
TISS-28 Scale (Therapeutic Intervention Scoring System)
The TISS-28 scale was created in 1996 on the basis of a primary 76-item scale which was reduced to 28 therapeutic interventions divided into 7 groups. The tool has been tested in a dozen or so intensive care units at teaching and non-teaching hospitals [4, 29] . The scores on the TISS-28 scale have been divided into four categories relating to the severity of the patients' condition, and consequently, the number of the necessary nursing staff. Based on numerous studies using the TISS scale, the time required to acquire one point during an 8-hour working shift was calculated. It was also calculated that a nurse should not acquire more than 46 points during one duty [30] . The studies conducted in domestic centers have demonstrated that the norm per one nurse is significantly exceeded. According to the authors, this could result from the differences in working systems or the lack of patient categorization. (13-9 pts) -210 min/day/patient [27] . Intensive care units use three categories of nursing care and the number of minutes of direct care assigned to them (Table 2 ) [28] . Patient categorization makes it possible not only the properly utilize human resources, but -above all -to ensure the provision of quality nursing care [27] . In the world, there are several dozens of scale types used to classify patients in surgical units, including intensive therapy units. In Finland, the most popular scale is the fivegrade OPC scale. The results of the studies conducted in over 1737 patients using the OPC scale have shown a correlation between the level of workload and the age and sex of the nursing staff [26] . Other countries use scales evaluating patients' daily living activity to estimate the demand IV -intravenous, IM -intramuscular.
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214 measure the physical activity of an individual, thus assessing the level of energy expenditure during a work shift [33] . According to Szubert, expenditure of energy is the basic physiological indicator commonly used to assess workload [34] . Many methods been been invented for the assessment of an individual's physical activity. They are objective methods based on the energy expenditure criterion: direct calorimetry, indirect calorimetry and doubly labeled water, the use of the technical apparatuses: pedometers, accelerometers and pulsometers. The first type are methods using the metabolic criterion for the measurement, namely the level of oxygen intake and carbon dioxide or heat production. The second type of objective methods are indirect calorimetry methods in which special meters are used for the measurement of heart rate and movement (kinematic analysis). To conduct the kinematic analysis there are used electronic and mechanic movement tools, like: pedometers and accelerometers [33, 35] . The operation of a pedometer is based on a pendulum detecting a person's body movements. Pedometers record the acceleration and deceleration of motion during movements, which is accompanied by waist movements [33] . An accelerometer is a tool which measures the physical activity and also inactivity. Such devices are easy to wear and do not influence the moving ability. They enable the researchers to measure the intensity, frequency and time of activity [33, 35] . Previous experimental studies in scope of measuring nursing workload conducted in various surgical units, including intensive care units, used pedometers, Holter monitors and pulse meters [22, 23] . The authors pointed to the problem of increased tiredness among nursing staff. They also demonstrated that the level of experienced tiredness was disproportionately high, compared to the number of steps taken or the amount of expended energy [23] . Studies led in 2006 and 2007 showed that bending, standing and walking are recognized as the typical physical activities tool, and yet, when using it, one should remember that it does not take into account all the nursing activities performed for a patient, such as: care, administrative tasks, and education of the patient and family [4] .
Nursing Activities Score (NAS)
Nursing Activities Score (NAS) also originated from the TISS-28 scale [31] . It was developed by Dutch researchers and published in "Critical Care Medicine" in 2003. NAS consists of interventions performed by or with the participation of a nurse while taking care of a patient hospitalized in an intensive care unit. It classifies 23 interventions into 5 groups of activities: those related to evaluating the patient's condition, therapeutic interventions, nursing interventions related to personal hygiene maintenance, patient rehabilitation and taking care of the family. Each group of activities has a specific score weight which constitutes the percentage of time required to perform them in relation to a 24-hour period [32] . The maximum possible score is 100% [31] . Using NAS it is possible to calculate the necessary staffing level, expressed as the nurse-patient ratio, i.e. number of nurses per number of patients [32] . Multi-center studies have confirmed the usefulness of the scale in the assessment of nursing workload in intensive care units. The correlations discovered using NAS and TISS-28 have shown a significant divergence of results, which in turn has cast doubt on the usefulness of TISS-28 as a measuring tool of the amount of effort and workload of nursing staff [31] . In Poland, this scale was first used in 2006. On the basis of the obtained results, the recommended level of nursing staff in an intensive care unit was estimated at 1:1.2 (nurse: patient) [32] .
Experimental Methods
The research tools used more and more frequently to estimate the workload levels are experimental methods such as direct and indirect calorimetry devices. These methods among hospital nurses [36] [37] [38] . According to a number of time-devoted studies, the percentages of working time spent on weight-handling, bending, standing and walking among hospital nurses were 20-25% and 62-91%, respectively [37, 39, 40] .
Another research related to energy expenditure and heart rate (HR) suggests that nursing workload of 12-hour shifts has a negative physiological impact on nurses. Considering the fact that over one-third of the nurses experienced average working HRs above 100 bpm and a moderate cardiac stress level, the research has shown that hospital nurses may be at risk for cardiovascular disorders, especially if they are overweight or obese [41] .
CONCLUSIONS
In the light of new scientific reports, the existing methods of measuring workload, aimed at estimating the amount of a nurse's effort, seem insufficient. The presented scales, namely TISS-28, NEMS and NAS, are limited to merely presenting the severity of a patient's condition and the number of nursing activities performed throughout a specific time range. The "multidimensionality" of the issue of workload calls for new and more complex research methods to be sought. The commonly used physiological indicator of work, energy expenditure, should be extended to include scales for measuring the physical symptoms of tiredness and weariness.
